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Abstract
Legionella spp. are pathogens that can cause Legionnaires’ disease in humans through inhalation of contaminated aerosols. The principal
reservoir for these microorganisms is water, but Legionella spp. have been isolated from composted vegetable and plant material, and
from many potting mixes as well. In Australia, there have been several cases of Legionnaires’ disease in which Legionella longbeachae has
been isolated from potting soils. In Switzerland, the source of infection cannot always be identiﬁed as water or cooling towers: there-
fore, we have investigated 46 commercially available potting soils in Switzerland to determine the presence of Legionella spp. We were
able to detect Legionella spp. in 45.7% (21/46) of the potting soil samples analysed by culture. Legionella pneumophila was present in
19.6% (9/46) of the samples and L. pneumophila serogroup 1 in 6.5% (3/46). Quantiﬁcation by both culture and quantitative real-time
PCR revealed high concentrations of legionellae in potting soils, ranging between 103 CFU/g and 105 CFU/g and 104 genomic units
(GU)/g and 106 GU/g, respectively. Thus, potting soils may represent an alternative reservoir for Legionella spp. in Switzerland.
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Introduction
Legionella spp. are Gram-negative bacteria that may cause
Legionnaires’ disease (LD), a pulmonary infection in humans,
after inhalation of contaminated aerosols. The principal
reservoir of these microorganisms is water, but Legionella
spp. have also been isolated from composted vegetable and
plant material as well as from potting mixes in Australia
[1–3].
The LD outbreaks reported in Europe have been associ-
ated with airborne transmission of legionellae from cooling
towers, showers, and other devices that produce aerosols.
Towards the end of the 1980s, a signiﬁcant number of
sporadic infections in Australia associated with potting mixes
were reported [1].
Since then, several LD cases have been identiﬁed every
year in Australia, with Legionella longbeachae being isolated
from potting soils. Recently, Legionella pneumophila serogroup
1 isolated from soil was related to a clinical case [4]. The
study by Steele et al. [2] showed that L. longbeachae and
other Legionella spp. could be isolated from as many as 73%
of potting soils produced in Australia.
They could not be detected, however, in potting soils
from Greece, Switzerland, and the UK. For a long time,
therefore, contamination of soil by legionellae was consid-
ered to be limited to Australia. However, an association
between LD cases and gardening or use of potting mixes
has also been seen in Japan, in the USA, and, more
recently, in The Netherlands [5–7]. Therefore, it would be
expected that human infection in other parts of the world
might occur not only after the aerosolization of contami-
nated water, but also after contact with contaminated pot-
ting soil.
Water and cooling towers cannot always be considered
the source of infections and disease outbreaks in
Switzerland. Therefore, alternative ecosystems that could
be the reservoir for Legionella spp. have been investigated
in this study. Different commercial soil mixtures were
analysed using culture methods and quantitative real-time
PCR (qPCR) to evaluate whether potting soils may
represent an additional source of human infections in
Switzerland.
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Materials and Methods
We investigated the presence of Legionella spp. in 46
commercially available potting soils in Switzerland (packed in
3–30-L bags, and produced by the most important Swiss
manufacturers) collected during the gardening season in 2006
and 2007. These samples were randomly chosen in the bet-
ter-known supermarkets in all parts of the country.
Two-thirds of the samples contained principally peat moss
and, variably, bark, soil, soil originating from waste
composting, and mineral fertilizer. The culture analysis was
performed by using buffered charcoal yeast extract agar
(BCYE) (Biome´rieux, Geneva, Switzerland), and the two selec-
tive media modiﬁed Wadowsky-Yee (MWY) (Oxoid, Pratteln,
Switzerland) and glycine–vancomycin–polymyxin B–cyclohexi-
mide (GVPC) (Biome´rieux). In addition, the samples were
analysed by qPCR (GeneSystems, Bruz, France). The isolation
of Legionella spp. from potting soil samples was performed as
previously described, with a few modiﬁcations [1–3]. Brieﬂy,
5 g of each potting soil was suspended in 15 mL of sterile
water. After homogenization and incubation for 30 min at
room temperature, the suspensions were treated with 0.2 M
HCl–KCl acid buffer (pH 2.2) to reduce the number of con-
taminating soil organisms. Dilutions of 1 : 100 (A) and 1 : 20
(B) were prepared from the acid-treated suspensions, and
vortexed occasionally for 15 min (A) and for 10 min (B) at
room temperature during incubation to disperse the sample.
Then, 50-lL amounts of each acid-treated sample were plated
on both non-selective and selective media, and incubated at
35 ± 1C for 5 days. Depending on which dilution procedure
was used, the amount of sample inoculated on the plate was
1/6000 or 1/30 000 of the original soil sample (5 g).
The detection limit (one colony on a plate) of the differ-
ent dilutions correspond to 1200 CFU or 6000 CFU per
gram of soil, respectively. Legionella-like colonies, one for
each morphotype present on the plate, were tested for their
ability to grow on media with and without cysteine. Strains
unable to grow on substrates lacking cysteine were consid-
ered to be probable Legionella strains and further identiﬁed.
Potential L. pneumophila strains were tested by slide aggluti-
nation (Latex test; Biome´rieux) to determine the serogroup
(serogroup 1 or serogroups 2–15), and then further sub-
grouped by immunoﬂuorescent antibody typing, using the
monoclonal antibodies from the Dresden panel [8]. Those
strains considered to be Legionella spp. from their colony
morphology were identiﬁed by sequencing of the mip gene
[9,10], and the sequence was compared with the mip data-
base available on the website of the European Working
Group on Legionella Infections (http://www.ewgli.org). The
detection limit for culture of Legionella spp. was 103 CFU per
gram.
For qPCR, DNA was extracted from the acid-treated
samples A by using the Gene Extract platform (GeneSys-
tems), and subsequently ampliﬁed and quantiﬁed using the
GeneDisc Cycler platform (GeneSystems), according to the
manufacturer’s instructions. The PCR system can quantify
the presence of L. pneumophila (GeneDisc L. pneumophila)
and Legionella spp. (GeneDisc Legionella species) separately.
The qPCR detection limit was calculated as 104 genomic
units (GU) per gram.
Results
Legionella strains were cultured from 21 (45.7%) of the 46
commercial potting soils analysed. The degree of contami-
nation of the soils ranged from 103 CFU/g to 105 CFU/g.
The isolates belonged to 13 Legionella spp.. Legionella boze-
manii was recovered from 12 samples (26.1%), L. pneumophil-
a 2–15 (serogroups 3, 6, and 10) from nine samples
(19.6%), Legionella sainthelensi from six samples (13.0%),
Legionella micdadei from four samples (8.7%), L. pneumophila 1
(Mabs subgroup Philadelphia, France/Allentown, Benidorm)
from three samples (6.5%), L. longbeachae from two samples
(4.3%), and Legionella nautarum, Legionella feelei, Legionella bir-
minghamensis, Legionella jamestowniensis, Legionella quinlivanii
and two unidentiﬁed strains from one sample each (Table 1).
On the basis of the mip identiﬁcation scheme, the unidenti-
ﬁed strains showed 91% and 93% homology, respectively,
with strain 81-029 and species B-IMVS-86 described by
Ratcliff et al. [9].
Twenty samples (43.5%) contained species of Legionella
considered to be pathogenic to humans, i.e. L. pneumophila,
L. bozemanii, L. longbeachae, L. micdadei, L. sainthelensi, L. feelei,
and L. birminghamensis. In particular, L. pneumophila was pres-
ent in nine samples (19.6%), and in three of these (6.5%) was
of serogroup 1.
The qPCR method allowed the detection of Legionella spp.
in 41 potting soil samples (89.1%; Tables 1 and 2), whereas
L. pneumophila was detected in 16 samples (34.8%) (Table 1).
Only ﬁve samples (10.9%) were negative by qPCR (Tables 1
and 2). In the positive samples, the concentrations ranged
from 104 GU/g to 106 GU/g.
Culture and qPCR methods (Table 2) showed a corre-
spondence in 19 samples (41.3%). Two samples, from which
L. micdadei was isolated, were positive only by culture meth-
ods. The qPCR detected Legionella spp. in 22 samples
(47.8%) for which cultures were negative. Three samples
(6.5%) were negative with both methods.
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Discussion
This study has demonstrated that Legionella spp. are present
in commercial potting soils available on the Swiss market.
The 46 samples analysed reﬂect the potting soils readily
available in the better-known supermarkets in all parts of the
country, and they give a convincing picture of the Legionella
contamination of potting mixtures sold in Switzerland.
TABLE 1. Isolation by culture and quantiﬁcation by culture and by quantitative real-time PCR of Legionella spp. from 46
potting soils available in Switzerland










1 L. bozemanii, L. longbeachae, strain 81-029 ) ) 220 800 119 880
2 L. micdadei ) ) 12 000 )
3 Lp 1 (France/Allentown), Lp 3, Lp 10,
L. jamestowniensis
24 000 12 488 104 400 233 932
4 ) ) ) ) 56 610
5 Lp 2–15, L. bozemanii 4800 ) 70 800 147 352
6 ) ) ) ) 49 117
7 ) ) ) ) )
8 ) ) ) ) 32 467
9 ) ) ) ) 58 275
10 Lp 10 1200 Presencea ) 19 980
11 ) ) ) ) 51 615
12 ) ) ) ) 39 127
13 ) ) ) ) 100 732
14 L. sainthelensi ) ) 1200 84 082
15 ) ) ) ) 44 122
16 L. bozemanii, L. longbeachae, L. micdadei species
B-IMVS-86, L. quinlivanii
) 13 320 264 000 308 857
17 ) ) Presencea ) 47 787
18 ) ) ) ) 10 822
19 ) ) ) ) 85 747
20 ) ) ) ) 78 255
21 ) ) ) ) 29 137
22 ) ) ) ) 65 767
23 ) ) ) ) 41 625
24 L. micdadei ) ) 3600 )
25 L. sainthelensi ) ) 3600 288 045
26 ) ) 22 477 ) 1 660 837
27 L. bozemanii, L. nautarum ) ) 2400 218 947
28 ) ) ) ) 316 350
29 L. bozemanii ) 21 190 6000 799 200
30 L. feelei, L. londiniensis ) 38 345 12 000 894 054
31 Lp 1 (Benidorm), Lp 6, L. bozemanii 26 400 29 263 56 400 513 930
32 Lp 1 (Philadelphia), Lp 10, L. bozemanii,
L. birminghamensis, L. micdadei
27 600 72 654 46 800 806 263
33 ) ) ) ) 1 879 936
34 Lp 6, L. bozemanii, L. sainthelensi 1200 44 400 8400 268 418
35 L. bozemanii, L. sainthelensi ) 35 318 13 200 187 690
36 Lp 2–15, L. bozemanii, L. sainthelensi 3600 23 209 36 000 2 916 272
37 Lp 6, L. sainthelensi 3600 41 372 4800 789 109
38 L. bozemanii ) 31 281 60 000 1 705 363
39 ) ) ) ) 847 636
40 ) ) ) ) 62 563
41 ) ) ) ) 345 109
42 ) ) 21 190 ) 889 009
43 ) ) ) ) )
44 L. bozemanii ) ) 6000 85 756
45 ) ) ) ) )
46 Lp 2–15 6000 21 190 6000 903 456
), negative result; Lp 2–15, serogroup not determined; Lp, Legionella pneumophila; Lsp, Legionella spp.
aDetection of DNA under the quantitation limit.
TABLE 2. Comparison of the results obtained considering





Positive 19 (41.3%) 2 (4.3%) 21 (45.7%)
Negative 22 (47.8%) 3 (6.5%) 25 (54.3%)
Total 41 (89.1%) 5 (10.9%) 46 (100%)
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High levels of legionellae were detected in the soil sam-
ples. These ranged from 103 CFU/g to 105 CFU/g (culture
method) and from 104 GU/g to 106 GU/g (qPCR method).
The culture and molecular detection methods used showed
similar detection limits, with qPCR giving more positive sam-
ples. The molecular method allows the detection of very low
numbers of legionellae, including non-cultivable strains, and
cells inhibited by the antibiotics contained in the selective
media against a high background of soil microorganisms. On
the other hand, this method does not distinguish between
viable and non-viable or dead bacterial cells. All these factors
could explain the discrepancy between culture and PCR (22
negative cultures that were positive by PCR).
In this study, isolates belonged to pathogenic species of
Legionella (L. pneumophila 1, L. pneumophila 2–15, L. bozemanii,
L. micdadei, L. longbeachae, L. sainthelensi, L. feelei, and
L. birminghamensis) and to non-pathogenic species (Legionella
gratiana, L. jamestowniensis, L. nautarum, L. quinlivanii, and
Legionella londiniensis), as well as to two undeﬁned species that
have been designated in the mip database as species B-IMVS-
86 and strain 81-029 [11]. Species B-IMVS-86 has a homology
of 80.3% with Legionella oakridgensis, and strain 81-029 a
homology of 88.5% with L. gratiana. Considering the wide
range of species found in the potting mixtures, it could be
interesting to test more colonies of the same morphotype.
The predominant species in the soils analysed was L. boze-
manii, which was isolated from 12 samples (26.1%). Whereas
L. longbeachae was the most frequently isolated species (58%)
in potting soils in Australia, and is responsible for 30% of
reported cases of LD [1], only 4.3% of the Swiss potting soils
contained this species, a value closer to that reported for
Japanese potting soils (8.3%) [12]. So far, no cases of L. long-
beachae infection have been reported in Switzerland (Swiss
Federal Ofﬁce of Public Health, personal communication).
On the other hand, the isolation rates for L. pneumophila,
responsible for 90% of the reported cases in Europe [11],
are higher in Swiss (L. pneumophila 1–15, 19.6% of samples)
than in Japanese (L. pneumophila 2–14, 4.2% of samples) or
Australian (L. pneumophila 1–14, 13.3% of samples) potting
soil. It is important to highlight that 6.5% of the samples con-
tained L. pneumophila 1, which is responsible for approxi-
mately 70% of LD cases in Europe [11].
Legionella strains were detected (culture isolation and/or
PCR detection) from nearly all potting soil samples tested
(93.5%).
Two-thirds of the analysed samples contained peat moss.
This is in contrast with other studies reporting that legionel-
lae were never isolated from samples containing peat [2,12].
It is unclear how legionellae from potting soils may infect
humans [11], but infection probably occurs through inhalation
of bio-aerosol formed during gardening activities (direct
manipulation of the potting soil, and sprinkling) [13] or after
exposure of the soil to meteorological factors such as wind
and rain [14]. In a preliminary experiment, L. bozemanii could
be detected in the air sampled during manipulation of potting
soil by exposure of GVPC medium to the air (data not shown).
This observation supports the possibility of contamination by
inhalation of bio-aerosol produced during these activities.
A limitation of this study is that we did not use the amoebal
enrichment method for the analysis of samples. This method
is more sensitive than the direct culture method, and is able to
detect very low concentrations of legionellae and enhance the
cultivability of some Legionella spp. [15]. This was demon-
strated in a recent study where the amoebal enrichment
method detected the presence of 102–104 CFU/g of legionel-
lae in 91.6% of the potting soils tested [12]. Despite this limita-
tion, the use of qPCR allowed us to obtain comparable
sensitivity to that of the amoebal enrichment method: Legion-
ella spp. were detected in nearly all potting soils (89.1%).
Further work is underway to include the amoebal enrich-
ment culture method to improve the rate of isolation of
Legionella spp. from potting soil samples.
In conclusion, potting soils could be considered as an
alternative and important source of infection (probably
underestimated) not only by L. longbeachae but also by
other Legionella spp. known to cause LD. The Swiss
Federal Ofﬁce of Public Health has currently added potting
soils as a potential source of infection to the form used to
collect epidemiological data for its mandatory LD notiﬁca-
tion system. We believe that epidemiological investigation
of future LD cases should include collection of environ-
mental samples, in particular potting soils, in addition to
water samples.
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